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CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This is a division of Application No. 09/448,879, filed November 24, 

1999, now U.S. Patent No. 6,383,300, granted May 7, 2002. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to a heat treatment apparatus and a 

cleaning method of the same, and more particularly to a heat treatment 
apparatus in which reactive products are prevented from attaching thereinto and 
a cleaning method of the same. 
Description of the Related Art 

[0003] A silicon oxide film (Si02 film) or a silicon nitride film (Si3N4 film) is 

used in various sections of a semiconductor device. 

[0004] An Si02 film is produced by resolving alkoxysilane in a 

decompression CVD device, etc. An unreacted substance of alkoxysilane 
[(SiCxHyOz)n x=0.1 to 2, y=l to 15, z=0.1 to 5, n>0] attaches into the CVD device 
in a process for producing an Si02 film. Such a substance comes off in a process 
for forming a film, and becomes particles. This process has the drawback of 
lowering the quality of to-be-manufactured semiconductor devices and of having 
a low overall yield. 

[0005] An Si3N4 film is produced by a reaction of, for example, ammonia 

(NH3) and dichlorosilane (SiH2Cl2) in the CVD device. While a silicon nitride 
film is being formed, ammonia chloride (NH4CI) may be in a state of solidity in a 
low-temperature section of a reaction tube. If the ammonia chloride is 
sublimated when loading a semiconductor substrate and attaches to the 
semiconductor substrate, it becomes a source for particles to be formed on the 
surface of the substrate in a process for forming a film. Particles which have 



been formed as a result of a reaction of the sublimated ammonia chloride and 
moisture within the atmosphere attach onto the semiconductor substrate, 
resulting in a defective feature of the semiconductor device. 

[0006] The temperature and the exhaust conductance of a manifold of a 

reaction tube, the periphery of an exhaust section and an exhaust pipe are lower 
than those of a film-forming area where a wafer boat is arranged. Therefore, a 
lot of reactive products are likely to attach into those sections. 
[0007] Accordingly, the conventional heat treatment apparatus has been 

taken apart in order to clean its composing elements for large scale maintenance, 
while the operations of the apparatus are suspended for a long period of time. 
Therefore, only a low operational rate of the apparatus has been achieved. 
[0008] In order to prevent the apparatus from being operated at a low 

operational rate while cleaning its composing elements. Unexamined Japanese 
Patent Application KOKAI Publication No. H5-2 14339 discloses a method of 
cleaning an apparatus forming silicon nitride films with using HF gas. In 
addition to this. Unexamined Japanese Patent Application KOKAI Publication 
No. H4-333570 discloses a method of cleaning an apparatus by removing 
nitrogen silicon therefrom with using HF gas. The references cited disclose 
merely a method of cleaning an apparatus by removing (SiCxHyOz)n with using 
HF gas and by removing nitrogen silicon. In the references, no disclosure has 
been made to a method of forming films in a heat treatment apparatus and a 
method of cleaning the same. The references do not even disclose a technique 
for preventing HF gas used for the cleaning from contaminating the 
environment. 

[0009] In various processes for manufacturing semiconductor devices, a 

two-layered film, such as Si02/Si3N4, etc. or three-layered film, such as 
Si02/Si3N4/Si02, etc. is used. Conventionally, an Si02 film and an Si3N4 film 
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have been produced in different apparatuses. Thus, when transferring a wafer 
from one apparatus to the other, a natural oxide film and particles obviously 
attach onto the surface of the wafer. This causes the problem of lowering the 
quality of to-be-manufactured semiconductor devices and of having a low overall 
yield. 

[0010] Accordingly, it is preferred that an apparatus can form the Si02 

film together with the Si3N4 film. However, no proposal has yet been made for 
an apparatus in which particles are prevented from attaching thereinto. 

SUMMARY OF THE INVENTION 
[0011] Accordingly, the present invention has been made in consideration 

of the above, in order to clean a heat treatment apparatus with efficiency. 
[0012] An object of the present invention is to provide a method of 

efficiently cleaning an apparatus capable of producing various kinds of films. 
[0013] Another object thereof is to provide a technique for cleaning a heat 

treatment apparatus with using HF gas while preventing the used HF gas from 
contaminating the environment. 

[0014] In order to achieve the above objects, according to the first aspect of 

this invention, there is provided a heat treatment apparatus, comprising 

a reaction tube which can contain an object to be heat-treated; 

an exhaust pipe, one end of which is connected to the reaction tube, 

for exhausting gas contained in the reaction tube; 

a reactant-gas supplying pipe, which is conducted into the reaction 

tube, for supplying reactant gas into the reaction tube; 

an HF-gas supplying section which includes 

an HF pipe connected to a gas source for hydrogen fluoride, 

an HF valve which controls to supply hydrogen fluoride from the 

gas source and which is arranged in the HF pipe, and 
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an inlet which conducts, into the exhaust pipe and/or the reaction 
tube, the hydrogen fluoride suppUed from the gas source through the HF pipe, 

wherein the HF valve is open and the hydrogen fluoride gas is 
conducted from the gas source into the exhaust pipe and/or the reaction tube, 
thereby cleaning inside of the exhaust pipe and/or the reaction tube. 
[0015] In the structure, an inlet for supplying HF gas is arranged in the 

reaction tube separately from the reactant-gas supplying pipe. When an HF 
valve is open, HF gas can be conducted into the reaction tube and/or the exhaust 
pipe which can then be cleaned. Therefore, the heat treatment apparatus can 
be cleaned with simple treatments only. 

[0016] In the structure disclosed in Unexamined Japanese Patent 

AppHcation KOKAI Publication No. H5-2 14339, as shown in FIG. 2 included in 
the Publication, HF gas and reactant gas are conducted into a reaction tube from 
an identical gas-supplying section. Therefore, the reactant gas is fearfully 
contaminated in a process for forming a film. 

[0017] Unexamined Japanese Patent Application KOKAI Pubhcation No. 

H4-333570 suggests (1) a method for conducting HF gas into an apparatus which 
can form thin films and (2) a method for conducting HF gas into a cleaning 
apparatus by inserting the apparatus itself into the cleaning apparatus. 
However, no disclosure has been made to a "structure for efficiently conducting 
HF gas into the apparatus so as to clean the apparatus". 

[0018] The other end of the exhaust pipe may be split into a first and 

second vents; and 

a valve may be arranged between the first and second vents, may 
conduct exhaust gas into the second vent when HF gas is exhausted, and conduct 
exhaust gas into the first vent when no HF gas is exhausted. 
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[0019] According to this structure, the products produced while forming a 

film and the HF gas used for cleaning the apparatus can separately be 
heat-treated. An HF gas scrubber may be used as the second vent, whereas a 
scrubber for any other kind of gas may be used as the first vent. 
[0020] In the heat treatment apparatus, there may be arranged a plurality 

of traps which are arranged on the exhaust pipe and which remove a reactive 
product within the exhaust pipe, and 

a pressure control valve which is arranged between the plurality of 
traps and which maintain pressure within the reaction tube and the exhaust 
pipe at a fixed value. 

[0021] It is necessary to maintain the pressure within the reaction tube 

and the exhaust pipe at an appropriate value in order to form a film and clean 
any part of the apparatus. The pressure control valve controls the pressure by 
itself or together with any other device. Since the pressure control valve is 
arranged between the plurality of traps, the reactive products are prevented 
from attaching to the pressure control valve (normally, the reactive products 
easily attach thereto). 

[0022] The reaction tube includes an inner tube, whose upper end is open, 

and an outer tube, which surrounds the inner tube with a predetermined space 
and whose upper ends is closed. In this case, it is preferred that the inlet 
conducts HF gas into the inner tube, and the exhaust pipe is connected to the 
outer tube and exhausts gas from the gap between the inner and outer tubes. 
In having such a structure, the HF gas from the inlet cleans inside of the inner 
tube toward the upper end of the inner tube, and reaches the exhaust pipe 
through the space between the inner tube and the outer tube. Thus, cleaning 
what is so-called "vertical double tubes" can be performed with efficiency. 
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' [0023] It is preferred that the inlet is arranged in a position adjacent to an 

intake (the most upstream side) of the exhaust pipe. Conductance varies in the 
portion through which exhaust gas passes from the reaction tube to the exhaust 
pipe. This results in reactive products easily attaching into the periphery of the 
intake of the exhaust pipe. When the inlet is thus arranged in a position 
adjacent to the intake of the exhaust pipe, the products which have attached into 
a bent part can be removed with efficiency. 

[0024] In a case where the exhaust pipe includes at least one bent part, it 

is preferred that the inlet is arranged on an upstream side of a gas-flowing path 
and adjacent to the bent part of the exhaust pipe. Conductance of the bent part 
is low, therefore, a reactive product is likely to attach to the part. If the inlet is 
arranged adjacent to the bent part on the upstream side of the gas-flowing path, 
the products which have attached to the bent part can be efficiently removed. 
[0025] In a case where the trap is arranged on the exhaust pipe, the inlet 

is preferably arranged adjacent to the trap on the upstream side of the 
gas-flowing path. Conductance of the trap is also low, therefore, a reactive 
product easily attaches thereto. If the inlet is arranged adjacent to the trap on 
the upstream side, the products which have attached to the trap can be 
efficiently removed. 

[0026] The reactant-gas supplying pipe conducts alkoxysilane into the 

reaction tube in order to form a silicon oxide film on the object, and/or conducts 
ammonia and a silicon compound (for example, monosilane (SiH4), dichlorosilane 
(SiH2Cl2), silicon tetrachloride (SiCl4)) into the reaction tube in order to form a 
siHcon nitride film on the object, and 

the reaction tube forms a silicon oxide film on the object by 
resolving alkoxysilane, and/or forms a silicon nitride film on the object by a 
reaction of ammonia and a silicon compound. 
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[0027] In such a structure, a silicon oxide film and a silicon nitride film 

can successively be formed in a single one heat treatment apparatus. 
Furthermore, the products produced in the process for forming the silicon oxide 
film and the products produced in the process for forming the silicon nitride film 
are efficiently removed with using HF gas. 

[0028] The exhaust pipe may include an Si02 product trap (for example, a 

disk trap), in the exhaust pipe, which removes a reactive product produced by 
resolving alkoxysilane within the exhaust pipe, 

an SiN product trap (for example, a water trap) which removes a 
reactive product produced by a reaction of ammonia and a silicon compound 
within the exhaust pipe; and 

a heater which heats up the Si02 product trap in a range between 

100 to 150^C. 

[0029] The pressure control valve is preferably arranged between the Si02 

product trap and the SiN product trap and is heated up by the heater. 

[0030] The pressure control valve is preferred to maintain the pressure 

within the exhaust pipe at a pressure value of lOkPa or higher. 

[0031] The apparatus may further include a heater which heats up the 

exhaust pipe in a range from 100 to 200°C. 

[0032] The apparatus may further include a heater which heats up the 

reaction tube and which heats up the exhaust pipe in a range from 100 to 200°C. 
[0033] The apparatus may further include a pressure controller which 

controls pressure of hydrogen fluoride within the exhaust pipe to be fluctuated. 
The pressure of the hydrogen fluoride within the exhaust pipe is fluctuated, 
therefore, the hydrogen fluoride spreads over the exhaust pipe even in a part 
where the conductance is low or in a dead space (a part, such as a cavity, a space 
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between connected portions, etc., through which gas does not flows), resulting in 
cleaning the entire apparatus evenly. 

[0034] The pressure controller controls the pressure within the exhaust 

pipe to be fluctuated in a range, for example, O.lkPa to 30kPa. Since the 
pressure is fluctuated in such a range, the hydrogen fluoride thus spreads over. 
[0035] The pressure controller is preferred to control the pressure within 

the exhaust pipe to be fluctuated in such a way that a period at which the 
pressure is lOkPa or higher and a period at which the pressure is lower than 
lOkPa are cyclically repeated, and that the period at which the pressure is lOkPa 
or higher can be obtained longer than the period at which the pressure is less 
than lOkPa. 

[0036] The heat treatment apparatus of this invention may further include 

a purge-gas supplying section which supplies purge gas into the exhaust pipe 
and/or the reaction tube; and 

a controller which repeats, after the HF-gas supplying section stops 
supplying hydrogen fluoride, a plurality of cycles of exhausting and suppl5dng 
purge gas into the exhaust pipe and/or the reaction tube by the purge-gas 
supplying section and the exhaust pipe, and which supplies film-forming gas by 
the film-forming gas supplying section during the plxirality of cycles. 
[0037] The HF gas is preferred to be purged immediately after cleaning is 

completely performed. In the above structure, the film-forming gas is supplied 
during the plurality of cycles of exhausting and supplying the purge gas into the 
exhaust pipe, thus, the exhaust pipe can be purged of the exhaust gas in a short 
time. 

[0038] The film-forming gas supplying section supplies alkoxysilane as the 

film-forming gas, while the purge-gas supplying section supplies nitrogen gas as 
purge gas. 
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[0039] According to the second aspect of the present invention, there is 

provided a method of cleaning at least one of a reaction tube which is included in 
a heat treatment apparatus and an exhaust pipe which is connected to the 
reaction tube, the method comprising: 

a loading step of loading an object to be heat-treated into the 
reaction tube; 

a first film-forming step of forming a first film on the object, by 
supplying first reactant gas into the reaction tube; 

a second film-forming step of forming a second film on the object, 
after stopping supplying the first reactant gas into the reaction tube and 
suppljdng second reactant gas which differs from the first reactant gas; and 

a cleaning step of removing a product produced in the first 
film-forming step and a product produced in the second film-forming step which 
have attached to at least one of the reaction tube and the exhaust pipe, by 
exhausting gas contained in the reaction tube through the exhaust pipe and 
supplying hydrogen fluoride gas into at least one of the reaction tube and the 
exhaust pipe. 

[0040] During the cleaning process, it is preferred that the method 

includes 

a raising step of raising temperature of the reaction tube and 
heating up the exhaust pipe in a range from 100 to 200°C; and 

a maintaining step of maintaining pressure within the exhaust pipe 
in a range between lOkPa to 30kPa. 

[0041] The method may comprise a cleaning step of cleaning at least one of 

the reaction tube and the exhaust pipe by supplying hydrogen fluoride gas 
thereinto, while controlling the pressure within the exhaust pipe to be fluctuated 
in a range between O.lkPa and BOkPa. 
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[0042] In this case, it is preferred that the method comprises a controUing 

step of controUing pressure within the exhaust pipe to be fluctuated in such a 
way that a period at which the pressure is lOkPa or higher and a period at which 
the pressure is less than lOkPa are cycHcally repeated, and that the period at 
which the pressure is lOkPa or higher can be obtained longer than the period at 
which the pressure is less than lOkPa. 

[0043] The film-forming step includes a step of forming, on an object to be 

heat-treated, a silicon oxide film by resolving alkoxysilane, and 

the second film-forming step includes a step of forming, on the 
object, a silicon nitride film by a reaction of ammonia and a silicon compound. 
[0044] In this case, the cleaning step includes a step of exhausting the 

reaction tube through the exhaust pipe and a step of supplying hydrogen fluoride 
into at least one of the reaction tube and the exhaust pipe, thereby removing a 
reactive product which is produced by resolving alkoxysilane and a reactive 
product which is produced by a reaction of ammonia and a silicon compound and 
both of which have attached to at least one of the reaction tube and the exhaust 
pipe. 

[0045] Impurities being exhausted are removed in various positions of the 

exhaust pipe by a trap, and pressure of hydrogen fluoride gas is controlled in a 
position between the plurality of traps, by controlling an opening degree of a 
gas-flowing path of the exhaust pipe. 

[0046] The exhaust pipe is decompressed, after suppl3dng the hydrogen 

fluoride gas, 

film-forming gas is supplied into at least one of the reaction tube 
and the exhaust pipe, after repeating supplying purge gas and decompressing 
the exhaust pipe for a given number of times, and 
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supplying purge gas and decompressing the exhaust pipe are 
repeated for a given number of times again, thereby removing the hydrogen 
fluoride gas. 

[0047] In this case, the purge gas is composed of nitrogen gas, etc, while 

the film-forming gas includes alkoxysilane, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0048] These objects and other objects and advantages of the present 

invention will become more apparent upon reading of the following detailed 
description and the accompanying drawings in which: 

[0049] FIG. 1 is a diagram showing the structure of a vertical heat 

treatment apparatus according to the first embodiment of the present invention; 
[0050] FIG. 2 is a diagram showing the vertical heat treatment apparatus 

which is shown in FIG. 1 and from which a wafer boat for heat treatment is 
xmloaded; 

[0051] FIG. 3 is a diagram exemplifying a state in which particles 

contained in a reaction tube are exhausted; 

[0052] FIG. 4 is a graph illustrating, when cleaning a reaction tube, 

fluctuations of the pressure within the reaction tube included in a vertical heat 
treatment apparatus according to the second embodiment of the present 
invention; 

[0053] FIG. 5 is a sequence diagram for explaining operations of a vertical 

heat treatment apparatus according to the third embodiment of the present 
invention; 

[0054] FIG. 6 is another sequence diagram for explaining operations of the 

vertical heat treatment apparatus according to the third embodiment of the 
present invention; 
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[0055] FIG. 7 is a diagram showing a modification of a vertical heat 

treatment apparatus; 

[0056] FIGs. 8A and 8B are diagrams for exemplarily explaining the 

structure of an inlet, more specifically, FIG. 8A is a cross section of a manifold 
and an exhaust pipe, whereas FIG. SB is a cross section of an exhaust port; 
[0057] FIGs. 9 and 10 are diagrams for exemplarily explaining the 

structure of an inlet, and each illustrating a cross sectional view of a manifold 
and an exhaust pipe; 

[0058] FIGs. 11 and 12 are diagrams for exemplarily explaining the 

structure of an inlet, and each illustrating a cross sectional view of an exhaust 
port; and 

[0059] FIG. 13 is a diagram showing a modification of a vertical heat 

treatment apparatus according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
(First Embodiment) 

[0060] Preferred embodiments of the present invention will now be 

explained with reference to the accompanying drawings. 

[0061] FIG. 1 illustrates the structure of a vertical heat treatment 

apparatus according to the first embodiment of the present invention. 
[0062] This vertical heat treatment apparatus is one capable of forming 

both a silicon nitride film and a silicon dioxide film. The vertical heat treatment 
apparatus of this invention includes a cylindrical reaction tube (reaction 
chamber) 11 with long sides held in vertical. The reaction tube 11 has the 
double-tube structure having an outer tube 12 with an open lower end and an 
inner tube 13 with an open upper and lower end. The outer tube 12 is made of a 
thermal resistance material, such as quartz, etc. The inner tube 13 is formed in 
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a concentric circle inside the outer tube 12 at an appropriate distance away from 
the inner wall of the outer tube 12. 

[0063] A wafer boat (boat for heat treatment) 14, made of quartz or the 

like, is arranged in the reaction tube 11. A plurality of semiconductor 
substrates (semiconductor wafers) 15 as objects to be heat-treated are 
perpendicularly deposited at predetermined intervals in the wafer boat 14. 
[0064] A heater 16, which is made of a resistance heating element, etc., is 

so formed as to surround the circumference of the reaction tube 11. 
[0065] A manifold 17 is so arranged under the outer tube 12 as to support 

the outer and inner tubes 12 and 13. The manifold 17 is made of, for example, 
stainless steel, Si02, SiC, etc. 

[0066] A flange 18 is annularly formed in the upper portion of the manifold 

17, and is hermetically connected to a flange 19 which is formed in the lower 
portion of the outer tube 12 via an "O" ring 20 made of elastic materials. The 
lower portion of the inner tube 13 is placed on a support 21 which is projected 
inward from the inner wall of the manifold 17. 

[0067] First to third gas supplying pipes 31a, 31b and 31c, which are made 

of quartz, etc. and are bent toward a heat treatment area (upward), are 
hermetically sealed in one side of the manifold 17 with using a seal agent. 
[0068] The first gas supplying pipe 31a is connected to a gas pipe 33a via a 

joint 32a. The first gas pipe 33a is connected to a first gas source 35a via a mass 
flow controller (MFC) adjusting an amount of flowing gas and a valve VBl 
controlling the flow of gas. The first gas source 35a is a gas source for supplying 
a silicon compound such as dichlorosilane (SiH2Cl2), monosilane (SiH2), silicon 
tetrachloride (SiCU), etc. The first gas pipe 33a is connected also to a nitrogen 
gas source 36a via an MFC 34a and a valve VB3. 
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[0069] The second gas suppljdng pipe 31b is connected to a second gas pipe 

33b via a joint 32b. The second gas supplying pipe 33b is connected to a second 
gas source 35b via an MFC 34b adjusting an amount of flowing gas and a valve 
VB2 controlling gas to flow or not to flow. The second gas source 35b is a gas 
source for supplying ammonia (NH3). The second gas pipe 33b is connected also 
to a nitrogen gas source 36b via the MFC 34b and a valve VB4 . 
[0070] The third gas suppl5dng pipe 31c is connected to a third gas pipe 

33c via a joint 32c. The third gas pipe 33c is connected to a third gas source 35c 
via an MFC 34C and a valve VB5. The third gas source 35c is a gas source for 
suppl5n.ng alkoxysilane, preferably tetraethoxysilane (hereinafter referred to 
merely as TEOS). 

[0071] A lid (cap) 51 formed in a disk-like shape is hermetically connected 

to a flange 22 formed in the lower portion of the manifold 17 through an "O" ring 
52 made of an elastic material, etc. A heat insulating cylinder 53 on which the 
wafer boat 14 is placed is arranged on the upper surface of the lid 51. The lid 51 
is attached to an elevator mechanism 54 which moves upward and downward in 
order to load and unload the heat insulating cylinder 53 and the wafer boat 14 
into the reaction tube 11. 

[0072] An inlet 64a for conducting hydrogen fluoride (HF) (for cleaning) 

into the reaction tube 11 is connected to the lower side of the manifold 17. 
Further, the inlet 64a is connected via a fourth gas pipe 33d and the valve VB6 
to a fourth gas source 35d as a gas source for supplying hydrogen fluoride. 
[0073] The fourth gas source 35d is connected also to an inlet 64b via the 

valve VB6 and a fifth gas pipe 33e, and also to an inlet 64c via the valve VB6 and 
a sixth gas pipe 33f. 
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[0074] An exhaust port 61 is connected to the other side of the manifold 

17. The exhaust port 61 is made of stainless steel, etc. and is connected via a 
joint 62 to an exhaust pipe 63 for exhausting exhaust gas. 

[0075] The exhaust pipe 63 includes pipes 63a to 63c, The pipe 63a is 

connected to the exhaust port 61 via the joint 62 so that exhaust gas from the 
reaction tube 11 is conducted into the pipe 63b. The pipe 63b is so connected 
that exhaust gas is conducted from a hot disk trap TRPl into an intake of a 
vacuum pump VP subsequently via a combination valve CV and a switching trap 
TRP2. One end of the pipe 63c is connected to the intake of the vacuum pump 
VP, whereas the other end thereof is spht into two vents 71 and 72. 
[0076] A factory exhaust pipe 63d for conducting exhaust gas passing 

through the pipe 63a out of the pipe 63d is connected to a predetermined position 
of the pipe 63a. The factory exhaust pipe 63 is composed of a factory exhaust 
valve EV, which can be opened and closed, and a non-illustrative damper, etc. 
[0077] The vertical heat treatment apparatus of this invention includes an 

exhaust path heater 65 for heating the pipe 63a and the combination valve CV. 
[0078] The pipe 63a are bent in some points. The inlet 64b for conducting 

hydrogen fluoride into the pipe 63a is connected onto the upstream side 
peripheral to one bent point of the pipe 63a. The inlet 64b is connected to the 
fourth gas source 35d via the fifth gas pipe 33e and the valve VB6. 
[0079] An inlet 64c for conducting hydrogen fluoride into the hot disk trap 

TRPl is connected onto the upstream side peripheral to a gas intake of the hot 
disk trap TRPl. The inlet 64c is connected to the fourth gas source 35d via the 
sixth gas pipe 33f and the valve VB6. 

[0080] The hot disk trap TRPl absorbs hydrocarbon CxHy (x and y are both 

natural numbers), etc., produced when producing Si02 from TEOS. The hot 
disk trap TRPl includes a housing, a disk assembly, a cover and a heater. A gas 
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intake and a gas exit through which exhaust gas flows in and out are arranged 
on the both sides of the housing. Contained in the housing are a disk assembly 
and a cover in the housing. 

[0081] The gas intake of the hot disk trap TRPl is connected to the pipe 

63a, while the gas exit is connected to the combination valve CV via the pipe 63b. 
[0082] The disk assembly formed in a cyhndrical shape are open in its both 

ends. The disk assembly contains a plurality of disks, made of an adsorbent, 
etc., which are perpendicularly arranged at predetermined intervals in a 
direction from the gas intake to the gas exit. The cover of the disk assembly 
covers the open end on the side of the gas intake. 

[0083] The heater heats up the disks so that NH4CI is prevented from 

attaching to the disks contained in the disk assembly. The heater can be 
structured as to surround the circumference of the housing or can be arranged 
inside the housing. 

[0084] Gas from the gas intake flows into a gap between the disk assembly 

and the housing, passes through gaps between the disks, flows into an inner 
space of the disk assembly, and is discharged from the gas exit. The 
hydrocarbon CxHy, etc., as a reactive product which is produced when producing 
Si02 from TEOS, is attached to each disk while the exhaust gas is passing 
through the gaps between the disks. 

[0085] The switching trap TRP2 is used for absorbing NH4CI from the 

exhaust gas. The switching trap TRP2 includes a plurality of water-cooled 
traps, which are arranged in parallel with each other and absorb NH4CI from the 
exhaust gas passing through the disk assembly, a switch and a cleaning room. 
[0086] Each of the water-cooled traps included in the switching trap TRP2 

includes a housing, a cooling device and an in/outflow section. The housing of 
each water-cooled trap has a gas intake through which the exhaust gas flows in 
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and a gas exit through which the exhaust gas flows out. The cooHng device of 
each water-cooled trap is arranged within the housing. The in/outflow section of 
each water-cooled trap is a section through which cool water circulating through 
the cooling device flows in and out. The cooling device includes a cool water 
circulator, which cools down by applying cool water thereto, and a plurality of 
cooling fins, which are arranged on the surface of the cool water circulator. 
[0087] The gas from the gas intake hits the cooling device and contacts the 

cooling fins, thereby cooling down. By doing this, ammonium chloride NH4CI, to 
be separated from the exhaust gas as a result of the cooling, as a reactive product 
produced when a silicon nitride film is produced by a chemical reaction of 
ammonia and dichlorosilane is deposited on the cooling device. The exhaust gas 
from which NH4CI has been removed is discharged from the gas exit into the 
vacuum pump VP. 

[0088] When the exhaust gas passes through one of the water-cooled traps 

included in the switching trap TRP2, the switch causes the exhaust gas to pass 
through another trap in accordance with operations of an operator. 
Subsequently, the exhaust gas flowing through the trap through which the 
exhaust gas has been already flowing is interrupted under the control of the 
switch which then connects the trap to the cleaning room. Then, water stored in 
the cleaning room is pressurized by a pump included in the cleaning room and 
flows into the trap connected to the cleaning room. The water which has flowed 
thereinto cleans NH4CI contained in the trap, flows back to the cleaning room 
and is discharged from the cleaning room, thereafter fresh water is stored in the 
cleaning room. 

[0089] In repeating the above steps, each of the water-cooled traps of the 

switching traps TRP2 is cleaned while the exhaust gas is passing through any 
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other trap. Therefore, the switching trap TRP2 lets the exhaust gas 
continuously flow therethrough, and absorbs NH4CI from the exhaust gas. 
[0090] The combination valve CV includes a valve, a valve controller and a 

pressure detector and is arranged for automatically controlling pressure within 
the reaction tube 11. 

[0091] The pressure detector detects the pressure within the pipes 63a and 

63b and informs the valve controller of the detected pressure. The valve 
controller adjusts an opening degree of the valve in such a way that the pressure 
detected by the pressure detector reaches a predetermined value. Furthermore, 
the valve controller controls an amount of the flowing exhaust gas which flows 
from the hot disk trap TRPl into the switching trap TRP2. Thus, the pressure 
within the pipes 63a and 63b is controlled at an optional (or desired) value by the 
combination valve CV. 

[0092] The combination valve CV adjusts and maintains the pressure in 

the pipes 63a and 63b at an arbitrary value substantially in a range between 0 
and 1013hpa, without using any other valve arranged in parallel to the 
combination valve CV. 

[0093] A mechanism for opening and closing the path through which the 

exhaust gas flows can be simply structured with using the combination valve CV. 
Thus, the path does not necessarily have the structure, which includes a 
plurality of valves or pipes for conducting the exhaust gas in parallel to the 
plurality of valves, and which is so complicated as to cause the conductance of 
the path to be lowered. As a result of this, it becomes possible to prevent the 
path from including a portion where the conductance is low and to restrain an 
increase in a portion where products to be produced is attached. 
[0094] The vacuum pump VP includes the intake and the vent, and has a 

displacement volume of approximately 15000 to 20000 liter/min. 
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[0095] One end of the pipe 63c is connected to the vent of the vacuum 

pump VP. The other end of the pipe 63c is spht into two, one of which is the 
first vent 71 and the other one of which is the second vent 72. The first vent 71 
is used for exhausting the exhaust gas when producing a siHcon oxide film Si02 
and a siHcon nitride film Si3N4. The second vent 72 is used for exhausting 
hydrogen fluoride gas used for cleaning. The pipe 63c includes a valve 69, which 
switches the first and second vents 71 and 72 from one to the other, thereby 
discharging the exhaust gas discharged from the vacuum pump VP. 
[0096] A first scrubber 73 which scrubs an unreacted substance 

(SiCxHyOz)n, ammonium chloride (NH4CI), ammonia, etc. is arranged in the first 
vent 71. A second scrubber 74 which scrubs hydrogen fluoride, etc. is arranged 
in the second vent 72. 

[0097] All of the heater 16, the mass flow controller 34a to 34c, the 

combination valve CV, the gas sources 35a to 35d, 36a and 36b, the valves VBl 
to VB6, the elevator mechanism 54, the vacuum pump VP and the exhaust path 
heater 65 are connected to a controller 75 which controls those all. The 
controller 75 measures the temperature and the pressure of each part of the 
vertical heat treatment apparatus using a sensor. Further, the controller 75 
automatically controls a series of processes, as will be explained later, by sending 
a control signal, etc., to each part of the apparatus. 

[0098] An explanation will now be made to exemplary operations of the 

vertical heat treatment apparatus, wherein a silicon oxide film Si02 and a silicon 
nitride film Si3N4 are formed, thereafter the inner part of the vertical heat 
treatment apparatus is cleaned. 

[0099] A series of processes, as will be explained below, are carried out and 

automatically controller controlled by the controller 75. 
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[0100] As illustrated in FIG. 2, in a case where the elevator mechanism 54 

is lowered down, the wafer boat 14 containing the semiconductor substrates 
(wafers) 15 is placed on the heat insulating cylinder 53 on the lid 51. In this 
case, the heater 16 is heated in a range approximately between 700°C and 
800°C. 

[0101] In a case where the elevator mechanism 54 is lifted, the lid 51 and 

the wafer boat 14 are moved upward, thereby loading the wafer boat 14 into the 
reaction tube 11. In this case, the vacuum pump VP is operated and the 
opening degree of the combination valve CV is controlled, in a state where the 
factory exhaust valve EV is closed. Then, the wafer boat 14 is loaded while the 
gas inside the reaction tube 11 is absorbed at a pressure of approximately -500Pa 
with respect to the (atmosphere) pressure inside the reaction tube 11. As 
exemplarily illustrated in FIG. 3, particles in the reaction tube 11 are absorbed, 
therefore, the particles are prevented from being attached to the semiconductor 
substrates 15. 

[0102] Upon completion of loading the wafer boat 14 into the reaction tube 

11, the flange 22 formed under the manifold 17 and the lid 51 are hermetically 
connected with each other via the "O" ring 52. In this case, the opening degree 
of the combination valve CV is controlled and slow exhaustion is performed along 
the pipes (i.e., at an exhaustion speed at which the reactive products on the 
semiconductor substrates 15 to be heat-treated and the reactive products inside 
the reaction tube 11 are not messed up). Thereafter, the reaction tube 11 is 
decompressed at a predetermined pressure value, for example, in a range 
between 0.5 and 0.7Pa. 

[0103] If the pressure within the reaction tube 11 reaches a predetermined 

value, the valves VBl and VB2 are open. Then, NH3 and SiH2C12 are supplied 
respectively from the first gas source 35a and the second gas source 35b into the 
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reaction tube 11, and the temperature of the semiconductor substrates 15 is 
controlled in a range between GOO'^C and 700''C. The exhaust path heater 65 
heats the pipe 63a and the combination valve CV to a temperature in a range 
approximately between 100*^0 and 150°C. The valve 69 of the pipe 63c selects a 
path through which the exhaust gas can be exhausted after being scrubbed 
through the first scrubber 73 from the first vent 71. 

[0104] Furthermore, the opening degree of the combination valve CV is 

controlled, thereby the exhaust gas is continuously exhausted while the pressure 
within the reaction tube 11 is controlled in a range between 25Pa and 50Pa. 
Such a state where the pressure in the reaction tube 11 is thus controlled is 
maintained for a predetermined time period, for example, two hours or so. 
[0105] Meanwhile, a reaction takes place in the reaction tube 11, and a 

silicon nitride film (Si3N4 film) is formed on the surface of each semiconductor 
substrate 15. The reaction is represented by the following chemical formula (1). 

10NH3+3SiH2Cl2->Si3N4+6NH4Cl+6H2 (1) 

[0106] While the silicon nitride film is formed thereon, the heater of the 

hot disk trap TRPl heats each disk contained in the hot disk trap TRPl to a 
temperature between 100°C and 150''C. By doing this, it becomes preventable 
that the exhaust gas cools off by the disks. Moreover, NH4CI included in the 
exhaust gas is prevented from attaching to the disks. 

[0107] During the formation of the film, NH4CI contained in the exhaust 

gas cools down and is collected in the switching trap TRP2. 

[0108] The exhaust gas flowing from the switching trap TRP2 is absorbed 

by the vacuum pump VP, and scrubbed by the scrubber 73 arranged in the first 
vent 71 of the pipe 63c, thereby being exhausted therefrom. 

[0109] In addition to the above, in the meantime, Si3N4 and a very small 

amount of NH4CI as reactive products are attached to the inner wall of the 



-21- 



reaction tube 11, the manifold 17, the exhaust pipe 61, the pipe 63, the traps 
TRPl or TRP2 or the combination valve CV. 

[0110] When the silicon nitride film Si3N4 is completely formed, the valves 

VBl and VB2 are closed, and NHa and SiH2Cl2 are no longer supphed into the 
reaction tube 11. Then, while the vacuum pump VP is being driven, the opening 
degree of the combination valve CV is controlled so that slow exhaustion can be 
performed along the pipes. Then, the reaction tube 11 is decompressed 
approximately at a pressure value of O.lPa. 

[0111] When the pressure in the reaction tube 11 reaches a predetermined 

value, the valve VB5 is open, so that alkoxysilane (preferably TEOS) can be 
supplied into the reaction tube 11 from the third gas source 35c. At the same 
time, the temperature of the semiconductor substrates 15 is controlled at a 
temperature of approximately TOC^C by the heater 16. The exhaust path heater 
65 retains the temperature of the pipe 63a and the combination valve CV in a 
range between lOCC and 150''C. Thereafter, the opening degree of the 
combination valve CV is controlled, and the exhaust gas is continuously 
exhausted while the pressure within the reaction tube 11 is controlled at a 
pressure value of 50Pa. Such a state where the pressure in the reaction tube 11 
is thus controlled is maintained for a predetermined time period, for example, 
twenty minutes or so. 

[0112] In a case where TEOS is to be supplied from the third gas source 

35c, a reaction occurs in the reaction tube 11, thereby a silicon oxide film (Si02 
film) is formed on the surface of each semiconductor substrate 15. The reaction 
is represented by the following chemical formula (2). 

TEOS->Si02+CxHy+H20 (2) 

where x and y are both natural numbers. 
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[0113] Since the exhaust conductance is decreased in the hot disk trap 

TRPl, hydrocarbon CxHy contained in the exhaust gas is attached to the disks 
and removed from the exhaust gas. 

[0114] The exhaust gas contains NH4CI owing to subUmation of NH4CI 

attached to periphery of the manifold 17 or the exhaust pipe 61, which is at a 
relatively low temperature, during the time the Si3N4 film was formed. 
However, because the heater of the hot disk trap TRP 1 heats up the disks 
included in the hot disk trap TRPl in a range from 100°C to 150°C, NH4CI is 
collected by the switching trap TRP2 without attaching to the disks. 
[0115] The exhaust gas flowing from the switching trap TRP2 is scrubbed 

by the first scrubbers 73 and exhausted therefrom, after being supplied from the 
first vent 71, which is selected by the valve 69 of the pipe 63c, via the vacuum 
pump VP. 

[0116] It should be noted that, during the formation of the film, silicon 

oxide Si02 attaches to the inner wall of the reaction tube 11. A certain amount 
of silicon oxide Si02 or hydrocarbon CxHy attaches to such a section in which the 
conductance is low or dynamically varies or to the dead space on the gas-flowing 
path, as the lower portion of the manifold 17, the exhaust port 61, the bent 
portion of the pipe 63a or the inner section of the hot disk trap TRPl. 
[0117] After the film is completely formed, the valve VB5 is closed, so that 

TEOS is no longer supplied into the reaction tube 11. Then, the reaction tube 
11 is decompressed at a pressure value in a range from 0.5Pa to 0.7Pa by the 
vacuum pump VP. Subsequently, the combination valve CV is closed, whereas 
the valves VB3 and VB4 are open. Now, nitrogen gas is supplied from the 
nitrogen gas sources 36a and 36b into the reaction tube 11, thus, the reaction 
tube 11 is back into an atmospheric state where the pressure within the reaction 
tube 11 is a normal value. 
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[0118] Afterwards, the reaction tube 11 is left for a predetermined time 

period, for example, fifteen minutes or so, and cools down. 

[0119] Next, the combination valve CV is open, and its opening degree is 

controlled. The gas within the reaction tube 11 is absorbed at a pressure value 
of -500Pa with respect to the pressure (i.e., atmosphere pressure) inside the 
reaction tube 11. At the same time, as shown in FIG. 2, the elevator mechanism 
54 is driven, and the wafer boat 14 is lowered down and unloaded from the 
reaction tube 11, so that the semiconductor substrates 15 are unloaded. 
[0120] When the wafer boat 14 is unloaded, NH4C1 attached to a section of 

the reaction tube 11 whose temperature is low is sublimated when the 
high-temperature semiconductor substrates 15 after heat-treated pass by the 
reaction tube 11. The sublimated gas reacts with hydrogen, thereby particles 
may be produced. However, in employing such an unloading method, as 
exemparily shown in FIG. 3, the sublimated gas or the particles are gently 
absorbed and exhausted from the reaction tube 11, without attaching to the 
semiconductor substrates 15. 

[0121] The semiconductor substrates 15 are imloaded together with the 

wafer boat 14 and are removed onto a cassette as needed. 

[0122] In order to clean the inside of the vertical heat treatment 

apparatus, the elevator mechanism 54 is lifted up, while the lid 51 is moved 
upward. The flange 22 of the manifold 17 and the lid 51 are hermetically 
connected with each other through the "O" ring 52. In a case where to clean the 
wafer boat 14 together with the inside of the apparatus, the wafer boat 14 from 
which semiconductor substrates 15 have already been removed is arranged on 
the heat insulating cylinder 53. 

[0123] The valve 69 of the pipe 63c so selects a path as the exhaust gas to 

be exhausted from the second vent 72. 
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[0124] In a state where the vacuum pump VP is activated and the 

combination valve CV is controlled, the pipe 63a is decompressed at a pressure 
value in a range from lOkPa to 30kPa. The heater 16 heats up the inside of the 
reaction tube 11 approximately to a temperature of 50°C. The heater of the hot 
disk trap TRPl heats up the disks contained in the hot disk trap TRPl to a 
temperature approximately between lOC'C to 150°C. The exhaust path heater 
65 heats up the pipe 63c and the combination valve CV to a temperature 
approximately between lOO^C to 150°C. 

[0125] Next, the valve VB6 is open, so that hydrogen fluoride is supplied to 

the inlets 64a to 64c for a predetermined time period, for example, ten minutes 
or so. The hydrogen fluoride so flows into the lower portion of the manifold 17 
from the inlet 64a as to clean the lower portion and the inner wall of the inner 
tube 13, and gradually goes upward to clean the upper portion thereof. The 
hydrogen fluoride drops down to the gap between the outer tube 12 and the inner 
tube 13, cleans the outer wall of the inner tube 13 and the inner wall of the outer 
tube 12, and flows into the exhaust port 61, 

[0126] The hydrogen fluoride flows onto the upstream side of the bent 

point of the pipe 63a from the inlet 64b. Furthermore, the hydrogen fluoride 
flows into the gas intake of the hot disk trap TRPl from the inlet 64c and flows 
toward the vacuum pump VP. 

[0127] By the hydrogen fluoride supplied to the inlets 64a to 64c, the 

silicon nitride Si3N4 or the silicon oxide Si02 which has attached to the inner 
wall of the reaction tube 11, and the hydrocarbon CxHy attached to the lower 
portion of the manifold 17, the bent portion of the pipe 63a or the inside of the 
hot disk trap TRPl, are separated (i.e., such portion is cleaned) therefrom and 
exhausted from the second vent 72 selected by the valve 69 via the vacuum pump 
VP. At this time, the hydrogen fluoride is scrubbed by the second scrubber 74. 
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[0128] Upon completion of the cleaning, the valve VB6 is so closed the 

hydrogen fluoride is no longer supplied. Then, the reaction tube 11 is 
decompressed at a pressure value between 0.5Pa and 0.7Pa by the vacuum pump 
VP. Subsequently, in order to perform purging, the valves VB3 and VB4 are 
open, and nitrogen gas is supplied into the reaction tube 11 from the nitrogen 
gas sources 36a and 36b. After repeating this step a few times, the reaction 
tube 11 is back into an atmospheric state where the pressure within the reaction 
tube 11 is a normal value. 

[0129] In the vertical heat treatment apparatus according to the first 

embodiment of this invention, reactive products produced during the formation 
of the films can be appropriately removed from the exhaust gas in the heat 
treatment apparatus which forms a plural types of films. Furthermore, 
products (main products and reactive sub products) which have attached into the 
apparatus can easily be removed without breaking down the apparatus. Thus, 
the apparatus can be utilized with enhanced efficiency, and a decrease in the 
maintenance cost can be achieved. 

[0130] At the time of cleaning, mixture gas of hydrogen fluoride and 

another kind of gas may be supplied into the reaction tube 11 and the exhaust 
pipe 63. For example, during the cleaning, the valves VB6 and VB3 (or VB4) 
are so open as to conduct hydrogen fluoride and nitrogen into the reaction tube 
11 and the exhaust pipe 63. 

[0131] The temperature of the reaction tube 11, when cleaning the 

apparatus, is not Umited to 50°C, however, its temperature may set in a range 
between 30® C to 200*^0 in an appropriate manner and time. 
(Second Embodiment) 

[0132] In the first embodiment, when hydrogen fluoride is so supplied to 

the inlets 64a to 64c after the formation of the films as to clean the inside of the 



•26- 



apparatus, the pressure within the pipe 63a is retained at an appropriate 
pressure value between lOkPa and 30kPa. 

[0133] In general, when the hydrogen fluoride is so supplied thereto as to 

clean the apparatus, cleaning the apparatus is advantageously performed when 
the pressure within the pipe is lOkPa or higher. In a case where the pressure 
within the pipe 63a is approximately 20kPa, attached products are most hkely to 
be removed. However, the pressure is maintained at a given value in a range 
from lOkPa to 30kPa, the hydrogen fluoride hardly reaches a section in which 
the conductance of the gas is low or a section in which no fresh gas flows, thus, 
the attached products remains without being removed. For example, the 
manifold 17 as the lower portion of the reaction tube 11 is formed to be uneven, 
since the gas supplying pipes 31a to 31c are inserted thereinto, therefore, the 
hydrogen fluoride gas is not likely to be infiltrated into the manifold 17. The 
hydrogen fluoride gas is not likely to be infiltrated also into the periphery of the 
bent portions of the exhaust pipe 63 or joint sections of pipes. Thus, the 
products (main products or reactive sub products) attached to the inner wall of 
the manifold 17 or the exhaust pipe 63 remain, that is, such products are not 
properly and desirably removed. 

[0134] In the vertical heat treatment apparatus according to the second 

embodiment of this invention, at the time of cleaning the apparatus, the pressure 
within the reaction tube 11 is repeatedly fluctuated. This causes the hydrogen 
fluoride gas to be infiltrated into the reaction tube 11 and the attached products 
to be appropriately removed therefrom. 

[0135] The vertical heat treatment apparatus according to the second 

embodiment has the same structure as that of the vertical heat treatment 
apparatus according to the first embodiment. 
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[0136] At the time of cleaning the apparatus, Ukewise in the first 

embodiment, the elevator mechanism 54 is lifted up, so that the lid 51 is moved 
upward. Then, the flange 17 and the lid 51 are hermetically connected with 
each other via the "O" ring 52. In a case where to clean the wafer boat 14 as 
well together with the inside of the apparatus, the wafer boat 14 from which the 
semiconductor substrates 15 have already been removed is arranged on the heat 
insulating cylinder 53. 

[0137] The valve 69 of the pipe 63c selects a path such that the exhaust 

gas is exhausted from a second vent 72. 

[0138] In a state where the vacuum pump VP is activated and the 

combination valve CV is controlled, the pipe 63c is decompressed into a pressure 
value of lOkPa. The heater 16 heats up the inside of the reaction tube 11 
approximately to a temperature of 50°C. The heater of the hot disk trap TRPl 
heats up the disks contained in the hot disk trap TRPl to a temperature 
approximately between lOO'^C to 150°C. The exhaust path heater 65 heats up 
the pipe 63c and the combination valve CV to a temperature approximately 
between lOO^C to 150°C. 

[0139] Next, the valve VB6 is open, and hydrogen fluoride is supplied into 

the inlets 64a to 64c for a predetermined time period, for example, ten minutes 
or so. The hydrogen fluoride flows into the lower portion of the manifold 17 
from the inlet 64a, flows into the upstream side of the bent portion of the pipe 
63a from the inlet 64b, flows into the gas intake of the hot disk trap TRPl from 
the inlet 64c, and flows toward the vacuum pump VP. 

[0140] By the hydrogen fluoride supplied to the. inlets 64a to 64c, the 

silicon nitride Si3N4 and the silicon oxide Si02 which attaches to the inner wall of 
the reaction tube 11, or the hydrocarbon CxHy attached to the lower portion of 
the manifold 17, bent portion of the pipe 63a or the inside of the hot disk trap 
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TRPl, is separated (i.e., such portion is cleaned) therefrom, and exhausted from 

the second vent 72 selected by the valve 69 via the vacuum pump VP. 

[0141] In this case, the combination valve CV is controlled, and the 

pressure within the pipe 63a is fluctuated in a range from O.lkPa to 30kPa, for 

example. 

[0142] In other words, the opening degree of the combination valve CV is 

set high, and the vacuum pump VP causes the pipe 63c to be decompressed. 
After the pipe 63a is decompressed approximately at a pressure value of O.lkPa, 
the opening degree of the combination valve CV is set low, and the pressure 
within the pipe 63a raises at a pressure value between 20kPa to 30kPa. 
[0143] The range in which the pressure within the pipe 63a is fluctuated is 

determined by the exhausting performance of the vacuum pump VP. It is 
preferred that the fluoride hydrogen hydrogen fluoride is infiltrated into the 
reaction tube 11 or a section of the exhaustion pipe 63 in which the conductance 
is low. To be specific, the minimum range in which the pressure is fluctuated is 
not limited to the pressure value of O.lkPa. Instead, the minimum range can be 
set at a pressure value of 2kPa (1 to 3kPa), for example, as long as the hydrogen 
fluoride can be infiltrated and can be removed at that pressure value. 
[0144] FIG. 4 is a diagram exemplifying a pressure fluctuation of the pipe 

63a, when the pressure within the reaction tube 11 is repeatedly fluctuated so as 
to clean the pipe 11. 

[0145] In the exemplary illustration, the pressure within the pipe 63a is 

fluctuated in a range approximately between 2kPa to 30kPa. Particularly, the 
pressure within the pipe 63a is fluctuated in such a way that a period in which 
the pressure is lOkPa or higher and a period in which the pressure is lower than 
lOkPa are cyclically repeated. 



-29- 



[0146] At that time, as explained above, cleaning the apparatus is 

advantageously performed by supplying the hydrogen fluoride gas when the 
pressure within the pipe is lOkPa or higher. It is, therefore, preferred that the 
combination valve CV and the vacuum pump VP are so controlled that the period 
in which the pressure within the pipe 63a is lOkPa or higher can be obtained as 
long as possible. 

[0147] If the pressure within the reaction tube 11 is thus fluctuated, the 

fluoride hydrogen hydrogen fluoride gas is filtrated into a section of the reaction 
tube 11 or the exhaust pipe 63 in which the conductance is low. Thus, the 
attached products can effectively be removed. 
(Third Embodiment) 

[0148] The method for removing the hydrogen fluoride gas used for 

cleaning the apparatus, as described in the first and second embodiments, can 
also be achieved by alternately repeating suppl5dng and vacuuming nitrogen 
(purge) gas. 

[0149] For example, as illustrated in the sequence diagram shown in FIG. 

5, after cleaning the apparatus with the hydrogen fluoride gas and vacuuming 
the gas, the cycle of supplying and vacuuming the nitrogen gas is repeated for 
eleven times (eleven cycles). Then, the hydrogen fluoride gas which remains 
within the reaction tube 11 and the exhaust pipe 63 can be removed. 
[0150] The hydrogen fluoride stays in a section, in which the conductance 

is low, and attaches into the reaction tube 11 and the exhaust pipe 63. It should 
be noted, therefore, that the hydrogen fluoride gas can not efficiently be removed 
merely by alternately repeating the cycles of suppljdng and vacuuming the 
nitrogen gas. Despite that performing the process shown in FIG. 5 takes 
approximately five hours (i.e., it is quite time consuming), the hydrogen fluoride 
of lOppm or more remains within the reaction tube 11 and the exhaust pipe 63. 
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[0151] In the vertical heat treatment apparatus according to the third 

embodiment of this invention, the hydrogen fluoride which remains within the 
reaction tube 11 after cleaning the pipe can be removed in a short time using 
alkoxysilane (preferably TEOS). 

[0152] The vertical heat treatment apparatus according to the third 

embodiment of this invention has the same structure as that of the vertical heat 
treatment apparatus of the first and second embodiments. 

[0153] FIG. 6 is a sequence diagram showing operations of the vertical 

heat treatment apparatus for removing the used hydrogen fluoride gas. 
[0154] An explanation will now be made to the operations of the vertical 

heat treatment apparatus which are described in the sequence diagram shown in 
FIG. 6. 

[0155] In the vertical heat treatment apparatus, after cleaning the inside 

of the reaction tube 11 and the exhaust pipe 63 using the hydrogen fluoride, the 
valve VB6 is so closed that the hydrogen fluoride is no longer supplied. Then, 
the vacuum pump VP is activated, and the reaction tube 11 is decompressed. 
[0156] Next, while the vacuum pump VP is still activated, the valves VB3 

and VB4 are open in order to supply nitrogen gas into the reaction tube 11 from 
the nitrogen gas sources 36a and 36b. Then, the opening degree of the 
combination valve CV is controlled, thereby the reaction tube 11 is set back at a 
pressure value of approximately 30kPa. The heater 16 heats up the inside of 
the reaction tube 11 approximately to a temperature of 650°C. 
[0157] Now, the valves VB3 and VB4 are so closed that the nitrogen gas is 

no longer supplied into the reaction tube 11. The reaction tube 11 is again 
decompressed by the vacuum pump VP. 
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[0158] Decompressing the reaction tube 11 and supplying the nitrogen gas 

thereinto are repeatedly performed for a given number of times, for example, 
three times (three cycles). 

[0159] After having thus repeated decompressing the reaction tube 11 and 

supplying the nitrogen gas thereinto, in a case where the reaction tube 11 is 
decompressed, the valve VB5 is open so as to supply alkoxysilane (preferably 
TEOS) into the reaction tube 11 from the third gas source 35c. In a state where 
the pressure within the reaction tube 11 is controlled approximately at 133Pa 
after the opening degree of the combination valve CV is controlled, exhaustion of 
the gas is continuously performed for a predetermined time period, for example, 
two minutes or so. 

[0160] • Next, the valve VB5 is closed so that alkoxysilane gas (reactant gas) 
is no longer supplied, whereas the valves VB3 and VB4 are open so as to supply 
nitrogen gas into the reaction tube 11 from the nitrogen gas sources 36a and 36b. 
The opening degree of the combination valve CV is controlled so that the 
pressure within reaction tube 11 is set back at a pressure value of approximately 
30kPa. Then, the reaction tube 11 is left for a given time period, for example, 
fifteen minutes or so, thereby cooling down. 

[0161] Next, after controlling all of the vacuum pump VP, the valves VB3 

and VB4 and the combination valve CV, decompressing the reaction tube 11 and 
suppl3dng the nitrogen gas thereinto are repeatedly performed for a given 
number of times, for example, three times (three cycles). 

[0162] By doing this, the hydrogen fluoride which remains within the 

reaction tube 11 can completely be removed approximately within four hours. 
In other words, a reduction in the time necessary for removing the reactive 
products attached to the inside of the pipe can be achieved. 
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[0163] Before or after supplying TEOS into the reaction tube 11, the 

number of cycles taken to supply the nitrogen gas and to vacuum the gas is not 
limited to three, and the time required for the three cycles is not limited 72 
minutes. Instead, as long as the hydrogen fluoride can be removed, the number 
of cycles and the continuous time period can arbitrarily be set. 
[0164] The gas to be supplied for removing the hydrogen fluoride is not 

limited to alkoxysilane for forming a silicon oxide film, instead, NH3 and SiH2Cl2 
for forming a silicon nitride film can be employed. Gas for forming a film to be 
formed in the reaction tube 11 can be supphed for removing the hydrogen 
fluoride. 

[0165] The present invention is not limited to the above-described first to 

third embodiment, however various embodiments and changes can be made. 
[0166] For example, in the above- described embodiments, the combination 

valve CV is employed for opening and closing a gas-flowing path in a range from 
the reaction tube 11 to the vacuum pump VP. However, a main valve, a sub 
valve which opens and closes its own path and a by-pass pipe which is arranged 
across the main valve may be employed in place of the combination valve CV. 
In such a structure, the gas is slowly exhausted in the above-described film 
forming process, or the gas is exhausted when the semiconductor substrates 15 
are unloaded. Specifically, the opening degree of the sub valve is adjusted while 
the main valve is closed, so that the gas can be slowly exhausted or can simply be 
exhausted even when the semiconductor substrates 15 are unloaded. 
[0167] The position or section into which the hydrogen fluoride for 

cleaning the apparatus is conducted can be arbitrarily determined. Inlets are 
arranged in arbitrary portions, to which products are very likely to attach. Such 
products are produced while forming the film, because the temperature of the 
exhaust gas is decreased or the conductance of the exhaust gas is lowered. The 
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hydrogen fluoride stored in the fourth gas source 35d can be conducted into a 
gas-flowing path through the inlets. 

[0168] For example, as illustrated in FIG. 7, in place of the inlet 64a, an 

inlet 64d may be arranged in a position adjacent to the joint 62, so that only the 
inside of the exhaust port 61 and the exhaust pipe 63 can be cleaned. 
[0169] An explanation will now exemplarily be made to the structure of 

the inlet 64d with reference to FIGs. 8A and SB. In the examples shown in 
FIGs. 8A and 8B, an HF introduction pipe 81 included in the inlet 64d is 
arranged in such a way that it is inserted through a hole formed in the side wall 
of the exhaust pipe 63a (or the exhaust port 61), and that it stays by an intake 
61a of the exhaust port 61 along the inner surface of the exhaust pipe 63a and 
the exhaust port 61. One end of the HF introduction pipe 81 is bent 
perpendicularly to the center of the exhaust port 61 in a position adjacent to the 
opening 61a of the exhaust port 61. 

[0170] According to this structure, an opening 81a of the HF introduction 

pipe 81 faces the inner surface of the exhaust port 61. Thus, as shown with 
arrows AR in FIG. 8B, HF gas suppUed from the fourth gas source 35d spouts 
out from the opening 81a toward the inner surface of the exhaust port 61, and so 
hits the inner wall as to spread into two, the upstream and down stream sides. 
As the entire gas flows onto the downstream side by the vacuum pump VP, the 
spouted HF gas entirely flows onto the downstream side and is supplied into the 
entire inner wall of the exhaust port 61 and the exhaust pipe 63, resulting in the 
reactive products being evenly removed. There is a sudden decrease in exhaust 
conductance of the connected portion of the reaction tube 11 and the exhaust 
port 61. Therefore, reactive products are very likely to attach into the inner 
surface of the exhaust port 61. When the inlet 64d is structured as shown in 
FIGs. 8A and 8B, the reactive products which have attached to the inner surface 
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of the exhaust port 61 can be removed therefrom with efficiency. The HF gas 
does not directly hit the inner wall of the inner tube 13, thereby preventing the 
side wall of the inner tube 13 from being etched. 

[0171] It is also possible that the inlet 64d have any one of the structures 

shown in FIGs. 9 to 12. 

[0172] In the structure shown in FIG. 9, the HF introduction pipe 81 is 

arranged in such a way that it is inserted from a pipe wall of the exhaust pipe 
63a, and that its one end is bent in a position which is slightly on the upstream 
side relative to the intake 61a of the exhaust port 61. The opening 81a of the 
HF introduction pipe 81 faces the downstream in a position facing the intake 61a 
of the exhaust port 61. 

[0173] In the structure shown in FIG. 10, the HF introduction pipe 81 is 

inserted from the side wall of the manifold 17. The opening 81a of the HF 
introduction pipe 81 arranged along the inner wall of the manifold faces the 
intake 61a of the exhaust port 61. 

[0174] In the structure shown in FIG. 11, two holes 83 and 85 for 

discharging HF gas are formed right in a part where the HF introduction pipe 81 
is perpendicularly bent. In such a structure, HF gas can be supplied along the 
inner surface of the exhaust port 61, therefore, reactive products which have 
attached to the inner wall of the exhaust port 61 can be removed with efficiency. 
The inlet 64d may be structured such that the opening 81a is so closed as HF gas 
to spout out from the two holes 83 and 85. 

[0175] In the structure shown in FIG. 12, the end of the HF introduction 

pipe 81 is split into two, so that HF gas can be supplied from the two spht ends 
in the two opposite direction, thereby promoting efficiency with which reactive 
products are removed therefrom. 
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[0176] The structure shown in FIGs. 8A and 8B, 9 or 10 and the structure 

shown in FIG. 11 or 12 are possibly combined. For example, the HF 
introduction pipe 81 is formed with the structure, shown in FIGs. 8A and 8B, or 
FIG. 9 or 11, in which two holes are arranged in its end. In doing this, HF gas 
can be supplied axially along the exhaust port 61 or in a plurality of directions 
along the inner surface. 

[0177] The number of inlet(s) and the position where the inlet is arranged 

are not limited to those described in the structure shown in FIG. 1 or 7. For 
example, there can be arranged only one inlet 64, along which hydrogen fluoride 
is inserted into the reaction tube 11, thereafter cleaning the exhaust pipe 63 with 
the hydrogen fluoride flowing from the reaction tube 11. 

[0178] In the third embodiment, film-forming gas to be supplied when 

exhausting hydrogen fluoride may be supplied into the reaction tube 11 and/or 
the exhaust pipe 63 from a pipe which is not the one for supplying film-forming 
gas when forming films. 

[0179] A single water-cooled trap which is substantially the same as that 

included in the switching trap TRP2 may be arranged in place of the switching 
trap TRP2, for example. 

[0180] The pipe which serves as a joint connecting the hot disk trap TRPl 

to the combination valve CV and the pipe which serves as a joint connecting the 
combination valve CV to the switching trap TRP2 may be heated to a 
temperature in a range between 100°C to ISO^'C, during the same period of time 
as the exhaust path heater 65 performs heating. Thus, hydrocarbon CxHy or 
NH4CI are not likely to attach into such pipes. 

[0181] In the above-described embodiments, while the gas is exhausted by 

means of the vacuum pump VP, the semiconductor substrates 15 are loaded or 
luiloaded into the reaction tube 11. However, the method for exhausting the gas 
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within the reaction tube 11 is arbitrary. For example, when loading/unloading 
the wafer boat 14, the combination valve CV is closed, whereas the factory 
exhaust valve EV is open. In this case, the gas within the reaction tube 11 may 
be controlled by a damper so that the gas pressure thereof is -50 to -700Pa with 
respect to the atmosphere pressure. 

[0182] In the above-described embodiments, explanations have been made 

to an example, in which a silicon nitride film is formed by a reaction of ammonia 
and a silicon compound and a silicon oxide film is formed by resolving 
alkoxysilane. However, source gas is arbitrary, and any other source gas can be 
used. 

[0183] This invention is not limited to the case where a siUcon nitride film 

and the silicon oxide film are formed, instead, is applicable to any other various 
film-forming processes. For example, this invention can be used when forming a 
TiN film on a substrate to be heat-treated by a reaction of TiCU gas and NH3 gas 
(NH4CI is produced as a reactive sub product), and when using an organic silicon 
compound as source gas other than alkoxysilane, and further when forming a 
thin film other than a multi-layered insulating film. 

[0184] In the above-described embodiments, an explanation has 

exemplarily been made to the heat treatment apparatus for forming a film on the 
semiconductor substrate (semiconductor wafer). However, this invention is 
applicable to an apparatus for forming a film on an arbitrary object to be 
heat-treated, such as a glass substrate, etc. 

[0185] In the above-described embodiments, an explanation has been 

made to an example in which nitrogen gas is supplied from the nitrogen gas 
sources 36a and 36, however, the method of supplying the nitrogen gas is not 
limited to the above. For example, as shown in FIG. 13, the gas pipe 33d may 
be connected to the nitrogen gas source 36c through the valve VB7, so that the 



-37- 



opening degree of the valve VB7 is controlled by the controller, thereby suppljdng 
the nitrogen gas therethrough. 

[0186] Various embodiments and changes may be made thereonto without 

departing from the broad spirit and scope of the invention. The above-described 
embodiment is intended to illustrate the present invention, not to limit the scope 
of the present invention. The scope of the present invention is shown by the 
attached claims rather than the embodiment. Various modifications made 
within the meaning of an equivalent of the claims of the invention and within 
the claims are to be regarded to be in the scope of the present invention. 
[0187] This application is based on Japanese Patent Application No. 

HlO-337879 filed on November 27, 1998 and including specification, claims, 
drawings and summary. The disclosure of the above Japanese Patent 
Application is incorporated herein by reference in its entirety. 
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